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Study objective: To test the efficacy and safety of a new anti^ 
venom, affinity^purified, mixed monospecific crotalid antivenom 
ovine Fab, in human subjects with minimal or moderate crotalid 
envenomation. 

Methods: We conducted a prospective multicenter clinica! trial 
of 11 patients 10 years or older with progressive manifestations 
after mild to moderate crotalid snakebite. After giving their con^ 
sent subjects received four to eight vials of study drug and were 
then repeatedly examined over 48 hours and at 7 and 1 4 days 
after discharge, Each patient's clinical condition was evaluated 
serially with the use of a validated severity score, as well as on 
the basis of the investigator's assessment. 

Results: In all 1 1 subjects the antivenom was judged by the in- 
vestigator to have had a beneficial response. The severity score 
for each patient remained the same or decreased over the first 4 
hours. However two subjects demonstrated worsened condition 
1 2 to 1 5 hours after antivenom administration. In no subject did 
an allergic reaction develop. 

Conclusion: In this patient group, affinity-purified, mixed mono- 
specific crotalid antivenom ovine Fab was associated with a halt 
of progressive crotalid venom poisoning. Initial safety data are 
promising but must be addressed further in subsequent studies. 

[Dart RC. Seifert SA, Carroll L, Clark RF, Hall E, Boyer^Hassen LV, 
Curry SC, Kitchens CS. Garcia RA: Affinity^purified, mixed mono- 
specific crotalid antivenom ovine Fab for the treatment of crotalid 
venom poisoning. Ann Emerg /Werf July 1 997;30;33-39.] 
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INTRODUCTION 

Crotalid snakebite is an unusual but important cause of 
injury in the United States. Rattlesnakes and cottonmouth 
and copperhead snakes inhabit nearly every state and bite 
approximately 7,000 people each year, resulting in several 
deaths.-^ 

Antivenin (Crotalidae) Polyvalent [Wyeth] is the only 
antidote commercially available for the treatment of crotalid 
bite. Although the Wyeth antivenom was a major advance 
when introduced 40 years ago, it is vv^ell known that the 
antivenom causes serious adverse reactions, including ana- 
phylaxis. The true mcidence of anaphylaxis is uncertain, 
but several deaths have occurred. Other acute reactions — 
rash, h)^otension, wheezing, and phlebitis — occur in about 
20% of patients.^ Also, most patients who receive the Wyeth 
antivenom experience serum sickness, a t}^e III hypersensi- 
tivity reaction that causes malaise, fever, chills, arthralgia, 
and diffuse rash.^^^ 

The allergenicity of Antivenin (Crotalidae) Pol>^^alent may 
be caused by IgG(T), a highly glycosylated immunoglobulin 
G produced by horses immunized with snake venom. Other 
components of horse serum that remain in the product are 
another potential cause. Purification of the Wyeth anti- 
venom was showTi to reduce its immunogenicity many years 
ago,'' but an improved version was never introduced. 
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A new antivenom — affinity-purified, mixed monospecific 
crotalid antivenom ovine Fab — is produced in a manner 
similar to digoxin immune Fab (Digibind; Burroughs- 
Wellcome). Sheep are immunized rather than horses, elim- 
inating the production of IgG(T). The ovine immune serum 
is then treated with papain to produce antibody fragments 
(Fab), eliminating the immunogenic Fc portion of the anti- 
body. Finally, the new antivenom is purified to remove non- 
neutralizing components of ovine serum. Of almost 1,000 
patients treated v^ith Digibind in drug trials and in a post- 
marketing surveillance study true anaphylaxis has not been 
noted. ^'-^ The findings of animal studies indicate that the 
new antivenom is also more potent than the current anti- 
venom. When tested with 14 different crotalid venoms^the 
new antivenom averaged 5.2 times (range, 3.0 to 11.7) more 
potent than the Wyeth antivenom.^ 

This trial was a pilot test of the efficacy and safety of the 
new antivenom in human subjects with minimal or mod- 
erate crotalid envenomation. 



MATERIALS AND METHODS 

Eleven patients were enrolled in this prospective, open-label, 
multicenter trial from August through November 1993 
(Figure). The study was approved by the institutional review 
board at each site. After enrollment and standardized initial 
assessment (history physical examination, and laboratory 
tests) and informed consent, each patient received an intra- 
venous dose of the study antivenom. The data included in 
this report were collected directly from case report forms 
completed by each investigator during patient care. These 
data were not monitored by the manufacturer. 

Each patient met all inclusion criteria: (1) minimal or 
moderate North American crotaUd envenomation (Table 1) 
in the 6 hours preceding presentation, (2) age 10 years or 
older, and (3) progression of envenomation syndrome. 
"Progression" was defined as documented worsening of any 
evaluation parameter used in grading the envenomation: 
local injury, coagulation laboratory abnormality or systemic 
symptoms or signs. Progression had to occur under the in- 
vestigator's direct observation, 

Treatment was partially standardized. Antivenom had to 
be administered in an ED or ICU. Narcotic pain medications 
were allowed, but analgesics with antiplatelet activity were 
not. RBC or platelet transfusions, antihistamines, cortico- 
steroids, and antibiotics were not allowed unless the follow- 
ing criteria were met: antibiotics were allowed only if clear 
clinical or bacteriologic evidence of infection existed, and 
antihistamines and corticosteroids were allowed only in 
subjects with early or late serum reactions, 
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Exclusion criteria included (1) bite by the copperhead 
snake (Agkistrodon contortrix); (2) lack of apparent envenom- 
ation or lack of progression; (3) severe venom poisoning; 
(4) infusion of more ihan one vial of Antivenin (Crotalidae) 
Polyv^alent; (5) presence of major organ disease or electro- 
cardiographic or radiographic abnormalities that, in the in- 
vestigator's judgment, would interfere \^ith evaluation of the 
patient; (6) history of hypersensitivity to any sheep-derived 
product. (7) any use of systemic corticosteroids, use of any 
experimental drug in the 4 weeks preceding study enroll- 
ment, or use of other medication contraindicated in the 
judgment of the mvestigator; (8) pregnancy or lactation, (9) 
previous enrollment in the study; and (10) inability to give 
mkirmed consent. 

Each \ic\l of affinity-purified, mixed monospecific crotalid 
anlivenom ovine Fab (Therapeutic Antibodies. Incorporated) 
contamed 750 mg Fab and 90 mg NaCI. Each vial was re- 
constituted in 10 ml ofnomial saline solution. Each patient 
received an initial dose of four vials diluted in nonnal salme 
solution to a final volume of 250 niL. This dose was ad- 
ministered over 60 mmutes. If clinical signs or laboratory 
values contmued to worsen after the first dose, another four 
vials were permitted, When two doses were ineffective, treat- 
ment was considered to have failed. 

Hospital evaluation was continued for 48 hours, with 
outpatient follow-up visits at 7 and 14 days. The chnical 
condition of each patient was assessed at baselme and 1, 4 
and 12 hours after antivenom infusion using two measures. 
The primary assessment was conducted with the use of the 



snakebite severity score, a vahdated measure of limb swell- 
ing, coagulation tests, and gastrointestinal, neurologic and 
cardiac signs (Table 2).^ A secondary measure, the investi- 
gator's assessment, was used to substantiate the severity 
score and to assure that the score was clinically relevant. 
The investigator judged the patients clinical response as 
(1) clinical improvement (pretreatment signs and symptoms 
associated with the bite site improved or progression was 
arrested after treatment with antivenom), (2) clinical failure 
(signs and symptoms associated with the bite worsened 
despite antivenom treatment), and (3) evaluation not pos- 
sible (investigator unable to evaluate the response). 

Blood was drawn for measurement of blood chemistries, 
as well as hematologic and coagulation parameters, at base- 
line; 1, 4. 12, 24, and 48 hours after antivenom administra- 
tion; and whenever assay was deemed clinically necessary 
by the investigator Acute antivenom reactions were evalu- 
ated during the antivenom infusion and the subsequent 2 
hours. 

Each patient was hospitalized for 48 hours, longer if, in 
the mvestigator^s judgment, a longer stay was clinically' 
indicated. All patients were scheduled for follow-up visits 
at 7 and 14 days after discharge. During these visits clinical 
and laboratory tests were repeated and the patient was as- 
sessed for the occurrence of delayed hypersensitivity Each 
patient was given a diary to record symiptoms that occurred 
between visits. 

All patients who received the study drug and completed 
12 hours of hospitalization were eligible for efficacy evalu- 



Tablel. 

Demographic dcscnpiwn ofenwlkd pcitle.nU 



PatientNo.^ Age (Years) 

1 71 " 

2 5Q 

3 13 
4 
b 
5 
7 



.j^x Envenomation Severity 



9 

10 
11 



26 
34 
75 
55 
33 
32 
42 
23 



M 



M 



M 
M 



Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 



BitB She 



Ethnicity 



Tucson White 

San Diego white 

P^oenjx Hispanic 

Phoenix white 

Phoenix vVhite 

Phaenf>; Native Ar^erican 

Georgia White 

Tucson White 

Tucson White 

Tucson White 

Tucson White 

with no cirnicai evidence of bleed- 
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ation. "Efficacy" was defined as a decrease or no change in 
severity score. All patients given the study drug were eligi- 
ble for evaluation of early reactions, All patients given the 
study drug who completed both follow-up visits were eligible 
for evaluation of delayed reactions. 

RESULTS 

Eleven patients were enrolled (Table 1); all met the inclusion 
criteria for evaluation of efficacy No patient was excluded. 
Five patients received four vials and six patients received 
eight vials of study antivenom. The mean severity score for 
all patients was 3.9+2.2 (mean+SD) before antivenom ad- 
ministration; 12 hours after administration the mean score 
was2.6+1.0(TabIe2). 

The investigators judged that all patients were clmically 
improved after antivenom mfusion. Examination of indi- 
vidual scores, however, show^ed that patients 1 and 8 had 
increased severity scores after initial improvement for several 
hours. Patient 1 received another four vials of the study 
antivenom; patient 8, who had already received eight vials 
of the study antivenom (maximum allow^ed by the protocol), 
received additional treatment with 10 vials of Antivenin 
(Crotalidae) Poly^^alent. Both demonstrated improvement 
after the supplemental antivenom infusion. Patient 10 was 
found to have a coagulopathy at the second foUow-up visit 
despite apparent resolution during hospitahzation. This 
patient was not treated with additional antivenom, and the 
coagulopathy resolved over several days. 



Two patients had thrombocytopenia at presentation. Both 
demonstrated normal platelet counts after treatment with 
the study antivenom, but in three patients mild thrombo- 
cytopenia developed during the course of illness (Table 3). 
None required further therapy and all were normal by the 
second follow-up visit. 

Four patients had prolonged prothrombin time at pre- 
sentation. All responded well to the study antivenom, and 
all had normal values at discharge. Recurrent prolongation 
developed in one patient at 7 days; it had resolved by the 
14-day visit (Table 4). Two patients had hypofibrinogenemia 
at presentation, and it developed in two more during anti- 
venom infusion (Table 5). All patients had a normal or near- 
normal fibrinogen concentration at discharge, but three 
patients had recurrence of hypofibrinogenemia at subse- 
quent follow-up visits. 

All 1 1 tolerated the study drug well, and no acute reac- 
tions were reported. Three patients did not return for follow- 
up visits and were excluded from analysis of late reactions 
(serum sickness). In none of the remaining eight patients 
did serum sickness or other complications develop. Two of 
the truant patients were contacted by telephone: one had 
no symptoms, but patient 8 experienced symptoms consis- 
tent with a late allergic reaction. This patient had received 
10 vials of Antivenin (Crotalidae) Pol)walent in addition to 
the study antivenom. 



DISCUSSION 

In 1985, Lindsey challenged the use of Wyeth antivenom 
because no controlled study of efficacy and safety had been 



Table 2. 








Seventy score and coircqoondi 
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Severity Score Aher Infusion 




Initial Severity Score 






Patient No, No. of ViaEs 


Severity Score at End of Infusion 


1 Hour 


4HDifrs 12 Hours 



1 

2 
3 
4 
5 
6 
7 
S 
9 

10 
11 

Mean±SD 



4 

6.2+2J 



2 
6 

4 
3 
3 
3 
6 
3 
2 
9 
2 

3.9+2.2 



2 
6 
3 
2 
2 
4 
2 
3 
5 
5 
2 

3.311.5 



2IC11 
6 (CI) 
3 (CI) 
2 (CI) 

2 {CD 

3 (CI) 

2 (CI) 

3 [CD 
3{CF) 
5 [CD 
2 (CD 

3.G±1.3 



2(C^1 
3(Cil 
3(CI1 
2(CI1 
2 (CI) 
3(CI) 

2 (CI) 
3(Ci) 

3 (CI) 
5 (CI) 
1(CI) 

2,B±1.0 



3(CF) 
3 (CD 
3 (CD 
2 (CD 
2 [CD 
2 [CD 

2 [CD 
5[CF1 

3 {CD 
3 {CI} 
1{CI1 

2.6+1, D 



CI, investigator's judgment of clinical improvement: pretreatment signs and symptoms associated with the bite site improved, or progression v^/as arrested after treatment with antivenom; CF, investi- 
gator's judgment ai clinical failure: signs and syntptoms associated with the worsening of envenomation despite antivenom treatment. 
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performed.^" Our trial provides the first prospective evi- 
dence in human subjects that amivenom may be an effective 
treatment for venom poisoning caused by North American 
crotalid snakes. We used a validated severity score, as well 
as the investigator's clinical assessment; a clinically relevant 
albeit more subjective, judgment. Both measures Indicated 
that all patients were improved at the 4-hour assessment 
time, despite documentation that each patient's condition 
had worsened immediately before antivenom administration. 

Although their condition was initially improved after 
study antivenom administration, three patients subsequently 
worsened: swelling recurred in patients 1 and 8, and recur- 
rent coagulopathy developed m patient 10. Both cases of 
recurrent swelling occurred 15 to 18 hours after antivenom 
administration, whereas the return of coagulopathy was dis- 
covered at the 1 week follow-up visit. Patient 10 never had 
completely normal coagulation parameters before hospital 
discharge (Table 5). Thus it is likely that this patient^s coag- 
ulopathy worsened after discharge but was not discovered 
until the scheduled follow-up visit. 

At least four possible explanations exist for the recurrence 
of local manifestations or coagulopathy First, the amount 
of venom injected may have simply overwhelmed the capac- 
ity of the antivenom to neutralize all venom components 
It may be that the antivenom neutralized circulating venom 
initially but, as continued absorption occuired, no unbound 
anuvenom remained, thereby allowing venom injury to re- 
cur. A variant of the same concept involves the pharmaco- 
kmencs of Fab. The elimination half-life of digoxm immune 

Table 3. 

Platelet count (ceUs/nvn^xJO-^). 



Fab in human beings is estimated at 16 to 30 hours ^^^^^ 
In a patient \vlth normal kidney function, much of the study 
antivenom would be ehminated within 18 hours. If absorp- 
tion of venom from tissue stores continued, the venom could 
act unopposed because the antivenom would largely have 
been excreted. This theory is plausible, but it assumes pro- 
longed venom absorption from its site of deposition a con- 
cept that has not been addressed in the medical literature 
for North American crotalid snakes. Indirect evidence of 
prolonged absorption of crotalid venom in animals and 
human beings is available.^^-^^ Furthermore, Ho et al'^ 
demonstrated that recurrent manifestations caused by the 
bite of the Malayan pit viper (Calloselasma rhodostoma) co- 
incided with recurrence of unbound venom levels. These 
authors also hypothesized that the recurrence was due to 
prolonged absorption of venom. 

Second, it is possible that venom components became 
unbound from the antivenom, allowing venom injut^^ to 
recur. Digoxin-immune Fab is the only Fab preparation in 
which recurrence of free drug level has been demonstrated 
Free digoxm levels drop to zero within minutes of digoxin 
Fab administration, but recurrence of free digoxin levels 
has been noted as early as 12 to 24 hours after Fab admin- 
istration.^^ Because the molecular weight of venom com- 
ponents is much larger than that of digoxin, it is likely that 
Fab-venom complexes are not excreted in the urine Fab- 
venom complexes are likely removed by the reticuloendo- 
thelial system, thereby prolonging half^life in the circulation. 
Thus the cause of recurrence may be revealed by the con- 



Patient N o. 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 

n 

MeaniSD 



Before Antivenom End of Antivenom 
jnfusion Infusion 



After Antivenom Infusion 



IHour 



4 Hours 



296 
251 

219 
336 

ND 
262 
201 
175 

39* 
299 
215+97 



48 Hours 



278 
265 
179 
209 
295 
169 
190 
141 
167 
139* 
294 
212±60 



298 
260 
171 
211 
286 

207 
163 

m 

146 
287 
215±58 



272 
236 
ND 
176 
298 
158 
219 
210 
132 
182 
283 
223±48 



ND, not determined, 
"Abnormal vafue for reporting laboratory, 
tP<.01, one-way AWOVA 

Res.t,obtainedw,tf.8anf.rronr.™itip.-co.p,r.on.^^ 



228 
MD 
86* 
ND 
ND 
144 
217 
67* 
120* 
154 
214 
154±62^ 



7 Days 


14 Days 


29B 


323 


247 


300 


192 


237 


MD 


ND 


300 


322 


155 


328 


238 


ND 


ND 


ND 


125* 


279 


280 


256 


MD 


MD 


229+66 


292±36 
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trasting half-lives of unbound Fab and the Fab-venom com- 
plex. The longer half-hfe of the complex means it persists 
in the blood. In the meantime, ihe unbound Fab has been 
excreted. If subsequent dissociation of the Fab-venom com- 
plex occurs, little or no unbound Fab may be present to 
neutralize it. 

Third, it is possible that venom components absorbed 
several hours after envenomation are different than those 
neutralized initially by the antivenom. Snake venom com- 
prises dozens of components. Each component has its own 
physicochemical characteristics that affect its absorption 
after a subcutaneous or intramuscular bite. It is therefore 
likely that some components are absorbed long after others. 
Perhaps these components are not neutralized by the study 
antivenom. Delayed absorption would then produce delayed 
effects if the antivenom did not neutralize these components 
or if the unbound Fab was excreted before their absorption. 

Fourth, It is possible that human antisheep antibodies 
had developed. For example, if the patient had produced 
antibodies against the sheep Fab in the antivenom, these 
antibodies might have interfered with ability of Fab to bind 
venom components. We believe this to be an implausible 
cause of recutTence in our patients because this phenomenon 
requires 7 to 10 days to several weeks to develop. 

Ahhough it is important to understand the underlying 
cause of recurrent venom effects, all potential causes may 
be addressed by altering the dosing schedule, except, per- 
haps, the development of antisheep antibodies. For exampk^ 
the study antivenom may have to be administered repeatedly 



until all venom has been neutralized. The optimal dosing 
interval remains to be determined. 

Another important finding of this study is the lack of 
acute or delayed allergic reactions. The currently available 
antivenom, Antivenin (Crotalidae) Polyvalent is known to 
produce acute reactions in 20% to 25% of patients and 
serum sickness in 70% to 80% of patients given five vials 
or more.^^^ In a study of 11 patients, therefore, only two or 
three acute allergic reactions might have been expected, and 
it is not possible to compare statistically the new antivenom 
and the Wyeth product. In the case of semm sickness, how- 
ever, at least seven or eight cases of delayed reaction would 
have been expected with the Wyeth product; none was ob- 
served with the investigational antivenom. Nevenheless, the 
possibility cannot be excluded. 

The main limitation of this trial is its unblinded non- 
comparative design. A unblinded trial cannot control for 
investigator bias. Although we used a validated severity score 
to control bias, it is likely that some bias was present. It is 
not possible to determine whether this bias favored or op- 
posed our results. Further, it is possible that each patient 
would have improved spontaneously without the adminis- 
tration of the study antivenom. Several precautions were 
taken to minimize this possibility First, we enrolled only 
those patients who sustained bites in the 6 hours preceding 
presentation, to minimize the possibility that the envenoma- 
tion syndrome was about to subside spontaneously Second, 
documented worsening of swelling or coagulation param- 
eters was required for every patient. Although it is conceiv- 



Tab!e4, 

Prolhvmbin time (seconds). 



After Antivenom Infusion 



Before Antrve no m End of Antivenom 
Patient Mo. Infusion Infusion 



1 

2 

3 

4 

5 

6 

7 

8 

9 

ID 

11 

MeaniSD 



12.7 
11.9 
14.D* 
13.8* 
11.8 
13,8* 
12,0 
12,0 
12.B 
18.3" 
13.1 
13.3+1,9 



13.5 
13.4 
12.3 
14.r 
12,5 
14,6" 
13,0 
14,9* 
13.8 
24.7* 
13,5 
14.6±3,5 



'Abnormaf ^abe for reporting laboratary. 

One-way AMOVA revealed no statistical differences amung groups. 



1 Hour 



13.2 
13,2 
12,2 
14,0" 
12.2 
135* 
13.0 
14.7 
14.0 
21.0* 
13.1 
14.G±2.4 



4 Hours 



12.2 
11.9 
ND 
13.9* 
11.9 
12.9 
12,0 
13,8 
14.3 
15.1* 
13.4 
13.111.1 



48 Hours 



11.7 

in5 

ND 
11,5 
124 
12.0 
12.1 
13.1 
13.6 
11.9 
11.71.6 



7 Days 



127 
10,8 
11,2 
ND 
11.1 
12.0 
12.0 
ND 
13.1 
22.8* 
fVD 
13.2+4,0 



U Days 

12.2 
10.7 
11.3 

m 
m 

11.8 
11,0 
ND 
13.1 
13.8 
ND 
12.D+1.1 



3 B 
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able that our patients spontaneously improved, it is extremely 
unlikely that this occurred in 1 1 consecutive cases. 

Finally it is also important to note that only patients 
with snakebites of minimal or moderate severity were en- 
rolled. This was done because this study was the first use of 
the study antivenom in human subjects. More trials must 
be performed to ensure that the anlivenom is effective and 
safe in patients with severe envenomation. 

Preliminary results indicate that affinity-purihed, mixed 
monospecific crotalid antivenom o\dne Fab may be an effec- 
tive antivenom for the treatment of North American crotalid 
envenomation of minimal to moderate severity However, 
further research is needed to determme optitnal dosing in- 
tervals. Preliminary^ safety data are promising, but more 
widespread use is needed to document safety 



REFERENCES 

1. R^$,Sdl FE: Snake Vonom Po{SQning. Great Neck, NY: Schofium Internalional 1983:Z68, 

2. Jurkovich GJ, Luternnan A, McCullar K, etal: Complications of Crotalidae antiveniii trealment 
J Trauma 198B;28:1 032-1 037, 

3. Corrigan P, Russefl FE. Wainschel J: Clinicaf reactions to antivenin. Toxicon 1978 fsuppl)'457- 
465. 

4. SuNivan JB Jr. Russell FE: Isolation and purification of ijntibodies to rattlesnake by 
affinity purificatiofi. Froc Wes: Pharmacol Soc m2:25-Adb-m. 

5. Sullivan JB Jr, Russfilf FE: Isofation, qoantilatior^, and subclassing of IgG ar^tibody to 
Crotaiidae venom by affinity chromalography and protein olectmphoresis Toxicon 
1983;3[suppll:42G-432. 

6- Antmao EM. Wenger TL, Biitler VP Jr, etal: Treatment of ISQ cases of life-threatening digitalis 
intoxication with d igoxin-spec i f ic h b anti body frag menls. Cifculation 1 990:8 1 : 1 744- 1 752. 

7. Kirkpatrick CH: Allergic histories and reactions of patir^nts treated v^ith digexin iminune Fab 
(ovire) antibody. Am J Emerg Med 1 991 ;9|supp! 1 ):7. 1 D. 



8. Cansroe P. Egen NB, Russell RE, et al; Comparison of a naw ovine antigen binding fragment 
(Fab) for United Stales Cmtalidae witli tfie commercial antivenin for protection against venom- 
induced lethality In mice. Am J Imp Med Hyg 1 995;b3:5a7'510, 

9. Dart RC, Hurlbut KM, Garcia R, et af: Validation of a severity score for the assessment of cro- 
talid snakebite in the United States. Ann Emerg /Werf 1996,27:321 -326, 

10. Lindsay D: Controversy in snakebite: Time fora controlfed appraisal. J 7"™a 1985-25 462- 
463. 

11. Smilh TW. Butler VP Jr, Haber E, et al; Treatment of life-threatening digitalis intoxication 
with digoxin-specific Fab antibody fragments: Experience in 26 cases NtnglJMed 
1932;307:1357-n62. 

12. Schaomann W, Kaufmann B, Neubert P, et al: Kinetics of the Fab fragments of digoxin anti- 
bodies and of bound digoxin in patients with severe digo/ir intoxication EmJCiiu Pharmcol 
1986;30:527-533. 

13. Burgess JL Dart RC, Egen NB, et al: Effects of constriction bands on rattiesnake \/enom 
absorption: A pharmacokinetic study. /I™ fme;^ /Wet/ 1992,21:1 086-1093. 

14. Hurlbut KM, Dart RC, Spaite D, et af: Reiiabsiitv of clinical presentation for predicting signifi- 
cant pit viper envenomation [abstract]. Am fmersr/Wet^ 1988; 17:438439. 

1 5. Ho Warreil MJ. Warrall DA, et al: A critical reappraisal of the use of Gnryme-linked 
immunosorbent assays in the study of snake bite. Toxicon 1 986;24:21 1-221 . 



Reprint no. 47/1/82666 
Address for reprints: 

Rfchard C Dart, MD, PhD 

Rocky Mountain Poison and Drug Center 

8802 East Ninth Avenue 

Denver, CO 802Z0 

303-739-1100 

Fax 303-739-1119 

E-nnai! dartr@usa.net 



Tables. 

Fihnmgcn concentration (mg/dL). 



Before Antivenom End of Anlivenom 



Patjent No. 


Infusion 


Infusion 


iHour 


1 


382 


323 


371 


2 


313 


290 


380 


3 


304 


246 


261 


4 


300 


282 


321 


5 


180* 


171* 


188* 


6 


204 


345 


359 


7 


294 


261 


ND 


8 


280 


178* 


179* 


9 


ND 


1B9* 


179* 


10 


<15" 


<15* 


<15" 


11 


m 


173 


186 


Mean±SD 


245±103 


223±94 


244±116 



ND, not determined, 

*Abnormal vafue for reponing laboratory 

One-wav ANOVA revealed no statfsticai differences among groups, 



After Antivenom infusion 



4 Hours 


48 Hours 


7Davs 


U Days 


318 


352 


166 


405 


284 


ND 


246 


300 


ND 


342 


424 


348 


304 


ND 


ND 


ND 


205 


ND 


273 


ND 


348 


m 


143" 


225 


262 


296 


351 


311 


220 


361 


ND 


ND 


189* 


277 


143* 


257 




148" 


<50* 


94* 


176 


1B0 


ND 


ND 


236±84 


279+85 


224±123 


277±10G 
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